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A B S T R A C T

With the advancement of nanotechnology, the nano-sized particles make an imprint on our daily lives.
The present investigation revealed that biomolecules present in seed exudates of Vigna radiata are
responsible for the synthesis of AuNPs, confirmed by the routine characterization techniques. Anticancer
efficacy showed by AuNPs might be due to the release of phytochemicals in the exudate which is being
adsorbed on the surface of AuNPs referencing their anticancer efficacy against the tested breast cancer
cell lines. Inhibition of clonogenicity and cell cycle arrest at G2/M phase then apoptosis of AuNPs was also
observed, but found nontoxic to the human PBMC cells which further confirms its biocompatible
property Among the various physicochemical study, present AuNPs shows unique information, they
show photoluminescent property which may be used for bioimaging purposes. However, further
molecular analysis needs to be explored to understand the underlying mechanism for therapeutic and
biomedical application.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Breast cancer is not only a highly complex and heterogeneous
disease but also one of the common malignancies found among
women, responsible for almost 30 % new cases every year [1,2]. In
general five subtypes of breast cancer are identified, which are
categorized through gene expression and by the immune-
histochemical expression of various receptors viz. estrogen
receptor [ERα], progesterone receptor [PR] and human growth
receptor 2 [HER 2] [1]. Available modes of treatments such as
surgery, hormonal, chemo, and radiation therapy are not well
enough as they come up with certain limitations, among which
most common is their non-specificity between normal and cancer
cells, resulting in their inevitable side effects. This spark the
scientist to continue up in the search of a certain drug, or mode of
delivery of drugs which are cancer tissue-specific causing minimal
side-effect on normal cells. In this purview, advancement in the

field of nanotechnology showed an optimistic approach, as it
operates at nano-level [specifically at 1�100 nm], with a range of
physicochemical diversity, thus being employed in various areas
but their biomedical applications are quite impressive, where they
are being used for sensors, imaging, drug delivery [3]. In this line
among various studied nanoparticles, Gold nanoparticles [AuNPs]
have shown their impressive potential right from imaging to
cancer therapy and drug delivery in both in-vivo, in-vitro systems
[4] as revealed by literature survey. However, present synthetic
routes of NPs involve methods like ion sputtering, hydrothermal,
chemical reduction, and sol-gel processes but these techniques
have proven to not only as expensive but also involve the usage of
hazardous chemicals with minimal consideration for sustainability
to both biological as well as on environmental basis. Therefore,
increasing thrust has been given to those synthetic routes of
nanoparticles which are not only cost-effective but also ecofriendly
focusing the usage of bio-based products includes plant extracts,
microbes, and enzymes [5,6], thereby eliminating many con-
straints like there availability and cost-effectiveness. And in
support of the efficacious use of these biosynthesized nano-
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ompound but also being used as antipyretic, antiscorbutic, against
heumatism and neuro-diseases in different parts of the world
10]. Therefore, the present study aims for the biogenic reduction
f AuNPs using seed exudate of Vigna radiata. Thus, synthesized
uNPs will be characterized using sophisticated techniques such as
DX, XRD, SEM, HRTEM, and Photoluminescence, later assessed
heir anticancer potential [MTT and Alamar assay] against various
xposed breast cancer cell lines MCF-7, MDA-MB-453, MDA-MB-
35S, MDA-MB-231, MDA-MB-468. Further, the differential
ehavior of the AuNPs was scored on the normal cells [PBMC].
his opens up the scope of further investigations in the dimension
f the synthetic application of biologically reduced gold nano-
articles and their potential application in treatment of cancer
Fig. 1).

. Materials and methods

.1. Materials

Mung (Vigna radiata) bean seed was obtained from local
arket, Tetrachloroauric acid [HAuCl4], Dulbecco’s Modified Eagle
edium [DMEM], Fetal Bovine Serum, Trypsin, purchased from
imedia, Dimethylsulphoxide [DMSO], Crystal violet, Trypan blue,
thidium Bromide, Acridine orange, MTT, Alamar Blue, Phosphate

buffered saline [PBS], Methanol etc ere obtained from Thermo
scientific.

2.2. Synthesis of gold nanoparticles

The AuNPs were synthesized in a simple, one-step process
described by Lukman et al. [37]. Briefly, seeds of Vigna radiata
(Mung bean) purchased from the grocery store and was surface
sterilized through 1% H2O2, followed by washing thrice and soaked
in water 4 g/10 mL of distilled water and kept overnight in dark at
normal room temperature. Next day, the residue was centrifuged
at 6000 rpm for 5 min and filtered with whattman filter
paper No.1. Filtrate was used as a bio-reductant. 10 mM gold
solution was added, to the round bottom flask containing seed
exudate while stirring, and left for 4�6 h. Thus, prepared AuNPs
observed by the change in color centrifuged and washed twice and
then lyophilized, collected dried sample was used for further
study.

2.3. Characterization of biosynthesized AuNPs

Characterization of the surface morphology of AuNPs of the
vacuum dried samples loaded on copper stub was examined under
field emission scanning electron microscopy [FE-SEM Tescan
Fig. 1. Schematic representation of plan of work.
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model LYRA 3 XMU]. The same sample was further used to study
the elemental composition using energy dispersive X-ray fluores-
cence [EDXRF] spectrophotometer [PANanalytical Epsilon 5].
Moreover, 2�3 ml of the ultrasonicated sample was drop cast
over a copper mesh, air-dried, and were examined by high-
resolution transmission electron microscopy [JEOL 2100 F]. To
further record the functional groups, present on the AuNPs surface,
in the exudates, responsible for the reduction of AuCl4 to form
AuNPs was determined by Fourier transform infrared [FTIR]
spectroscopy for this thin film of the samples was prepared on
the glass slide and was scanned in the range of 600–4000 cm�1

using Fourier transforms infrared [FT-IR] spectroscopy [Varian
7000 FT]. Further, to study the crystalline nature of the nano-
particles X-ray diffractometer [XRD, PANalyticalX’pert PRO 2200]
diffractometer with CuKa radiation at l = 1.5406 Å] was employed,
and the sample was scanned from 0�900. The UV–vis Spectrosco-
py was performed using Perkin Elmer UV–vis Lambda 365
spectrophotometer in the range 200�900 nm at a step of 0.005.
The photoluminescence emission spectra were obtained from an F-
2700 FL Spectrophotometer using an excitation wavelength, lex =
230 nm. For structural characterization, a Rigaku mini Flex X-ray
diffractometer [XRD] equipped with CuKα radiation [l = 1.54 Å] was
employed, with diffraction data acquired in the range of Bragg’s
angle [2u] � 10–800 and at a step of 0.050.

2.4. Cell culture technique

Human Breast Cancer cell lines- MCF-7, MDA-MB-453, MDA-
MB-435S, MDA-MB-231, MDA-MB-468 were procured from
National Centre for Cell Science, Pune, India. The cells were grown
in DMEM, L15 medium, while 10 % FBS, sodium pyruvate,
penicillin-streptomycin, L-glutamine, solution was given as supple-
ments and the cells were cultured in T-25 flasks incubated at 37 �C
incubator with 5% CO2.

2.5. Membrane stability assay

The RBCs were isolated, washed with PBS [pH 7.4], centrifuged
at 2000 rpm for 10 min. 2 % of the erythrocyte suspension [ES] was
resuspended in [1X]PBS()1X saline solution. The volume of 1 mL
reaction mixture containe 100 mL of ES, 100 mL of 0.1 % Triton X-
100 and 25, 50, or 100 mg/mL of AuNPs in Eppendorf tubes. This
was incubated for 60 min at 37 �C under constant agitation and
then centrifuged at 2000 rpm for 10 min after that 250 mL of the
supernatant was plated in 96-well plate. Then, the release of
hemoglobin was determined by photometric analysis of the
supernatant at 576 nm in a multiplate reader. Complete hemolysis
was achieved by using 0.1 % Triton X-100 [positive control] yielding
100 % hemolysis and PBS [negative control] yielding 0 % hemolysis
[11].

2.6. PBMC isolation

For this human blood with an anti-coagulant citrate buffer
solution and was diluted with a phosphate buffer saline[PBS] [v/v
1:1]. 3 mL Histopaque [1.07 g ml�1] was taken in a centrifuge tube
and was tipped on the histopaque layer. Subsequently, it was
centrifuged at 400 g for 30 min and lymphocytes were collected
from the buffy layer. The isolated lymphocytes were then washed
thrice with 2 mL PBS followed by 2 mL RPMI-1640 media through

2.7. Cytotoxicity of AuNPs by MTT and Alamar blue assay

Biogenic AuNPs mediated cytotoxicity on breast cancer cells was
determined by thiazolyl blue tetrazolium bromide MTT assay as
described in Saikia et al. [12] with slight modification. Breast cancer
cells MCF-7, MDA-MB-453, MDA-MB-435S, MDA-MB-231, MDA-
MB-468 were seeded in 96-well plate at the cell density of 2 � 103

cells per well and treated with increasing concentrations [25, 50,100
mg/mL] of AuNPs for 48 h at 37 �C, 5% CO2. Before termination of the
experiment, 20 ml of [5 mg/mL] MTT reagent was added to each well,
and the plate was sustained at 37 �C in the incubator for 2 h. After
aspirating the supernatant, 200ml of dimethyl sulfoxide[DMSO]was
added to each well to solubilize the formazan crystals formed in
viable cells. The optical density [OD] was spectrophotometrically
measured at 570 and 690 nm. For Alamar Blue Assay, after
completion of the stipulated time period, cells were washed twice
with PBSpriortothe additionof Alamar Blue[5 % w/v in PBS]. Kept for
4 h of incubation, fluorescence was measured with a fluorescence
spectrophotometer at excited wavelengths of 570/600 nm.

2.8. Cell viability assay

The cell viability was determined using the trypan blue
exclusion assay in MCF-7 where cells were seeded in 25 mm
petri-dish and treated with 25, 50 and 100 mg/mL of AuNPs for 48 h
at 37 �C, 5% CO2. The cells were trypsinized and stained with
trypan blue [0.4 % in PBS], and scored under a light microscope by
hemocytometer according to the number of viable cells remains
unstained to the dead population stained with trypan blue.

2.9. Flow cytometric analysis

The cells were stained with a fluorescent dye, propidium iodide
[PI], which binds to the DNA in a stoichiometric manner as it’s been
known that there is a direct relationship between DNA content and
PI fluorescence. Flow cytometric analysis was done as described by
Riccardi and Nicoletti [13]. Briefly, MCF-7 cells [1 � 105 cells/well]
were treated with various concentrations [25, 50, and 100 mg/mL]
of AuNPs. After 48 h of incubation, both adherent and floating cells
were collected by trypsinization, washed twice with ice-cold PBS,
fixed in ice-cold 70 % methanol for overnight at -20 �C and
subsequently incubated with PI [20 mg/mL] and RNase A [200 mg/
mL] for another 30 min at 37 �C. Cell cycle distribution was then
analyzed by flow cytometer [BD FACS LSR III, BD Biosciences, USA].
Finally, the percentage of cells in different phases of the cell cycle
was determined by BD Diva software.

2.10. Colony forming assay

To assess the colony-forming ability of gold nanoparticle, whether
treated or untreated MCF-7 breast cancer cells were incubated for 2
weeks. MCF-7 breast cancer cells were seeded with media containing
AuNPs at various concentrations of 25 mg/mL, 50 mg/mL, and 100 mg/
mL in triplicate on a 6-well tissue culture plate with 1000 cells/well.
Following 14 days incubation at 37 �C colonies were fixed [ethanol to
acetic acid, 3:1] and stained with 0.5 % crystal violet in methanol, later
the number of colonies was counted. For all the experiments
performed, control cells remained untreated and kept for the same
duration as the longest time point of the respective experiment(ref).
centrifugation steps separately for 10 min at 250 g. The
lymphocytes pellets were then suspended in RPMI-1640. Cells
were suspended in RPMI-1640 and 2 � 103 cells were seeded in 96
well plates with supplementation of 10 % heat-inactivated FBS.
Initially, cells were incubated at 37 �C in 5% CO2 for 8 h in RPMI-
1640 without FBS.
3

2.11. Statistical analysis

All the results were presented as Mean � SEM. Statistical
analysis was performed using ANOVA following Mann-Whitney U
test A value of p � 0.001, p � 0.01 and p � 0.05 was considered as
significant difference between the compared groups.
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. Results

.1. Physical characterization

.1.1. X-Ray diffraction [XRD] analysis
Biogenic AuNPs were subjected to XRD analysis to obtain

elative information regarding crystal nature. The prepared
anoparticles were found to be composed of crystals in the cubic
hase. The resultant XRD diffractogram Fig. 2[a] showed charac-
eristic peaks located at �38.180, 44.390, 64.580, 77.550,

corresponding to lattice planes-[111], [200], [220] and [311]
respectively [JCPDS-ICDD 1999; JCPDS No. 04-0784]. The peak
corresponding to [111] plane is found to be most intense suggesting
that [111] may the predominant orientation for crystal growth. The
crystallite size, d, of the [111] peak being the most prominent peak,
was calculated using Debye-Scherrer’s equation [Eq. 1], and was
found to be 12.6 nm, the lattice parameter being 4.08 A� .

d ¼ kl
bcosu

ð1Þ
ig. 2. The XRD diffractograph is shown in [a] with the most prominent peak corresponding to the plane [111] according to ICDD with the Williamson-Hall plot shown in [b]
sed to determine the average crystallite size and the microstrain developed in the crystal lattice. The FE-SEM image is shown in [c] with [d] depicting the TEM images with
sets of SAED pattern. The histograph for the size distribution is given in [e] and [f] Exhibit EDX of the synthesized AuNPs.
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In Eq. 1, k is the dimensional constant depending on the
particular geometry of the scattering object� 0.9, l is the
wavelength of the incident X-ray source and b is the full-width
half maxima of the [111] peak calculated using Origin 8.5. The
average crystallite size was determined to be �5.54 nm using the
Williamson-Hall plot, Fig. 2[b], also revealing a negative micro-
strain developed in the lattice system.

3.1.2. Morphological study

3.1.2.1. FE-SEM imaging. FE-SEM was conducted to obtain the
micrograph of biogenic AuNPs as shown in Fig. 2[c]. Image revealed
that AuNPs surface is smooth and spherical in shape. EDX is very
useful to identify the elemental status or chemical composition of
the sample illustrated in Fig. 2[f]. Presence of a strong peak of
approximately at 2.1 keV confirmed the elemental nanocrystalline
AuNPs.

3.1.2.2. TEM imaging. Morphological characteristic was done by
means of high-resolution transmission electron microscopy [HR-
TEM]. Study revealed that biogenic AuNPs are mostly spherical in
nature and size falls mostly in the range of 4�10 nm with the
tendency to aggregates as shown in Fig. 2[d]. The difference in size
and shape of biogenic may be due to the differential growth
pattern of AuNPs. Selected area electron diffraction [SAED] pattern
showed in the inset of Fig. 2[d] exhibited four spectral ring which
correspond to [1 1 1], [2 0 0], [2 2 0] and [3 1 1] related with SAED
pattern as documented, to authenticate the crystalline nature of
the nanoparticles.

3.1.2.3. Spectroscopic analysis UV–vis spectroscopy analysis. AuNPs
are known to exhibit surface plasmon resonance [SPR], arising
from an interacting electromagnetic field induced collective free
conduction electrons oscillation [14]. The width, position, and a
number of SPR bands optical absorption spectra, is usually
sensitive to the cluster size and shape, local refractive index as
well as particle medium interaction. The AuNPs formation was
clearly identified by the distinctive surface plasmon resonance
[SPR] band centered at 548 nm. Spherical particles have only one
SPR, this band is generally overlapped by absorption which
originates from transitions, namely by single electron-optical
excitations from the occupied 5d band to the unoccupied levels of
the 6s-6p band of the metal [15–17]. Thus, the SPR peak can also be
utilized not only to determine the particle size for a UV–vis
spectrum under �600 nm but also the shape of the particle.
However, certain calculations lead to an error of �6�25 % [18–21].
The average particle was calculated using the effective mass
approximation [6] given by Eq.2.

r nmð Þ ¼
�0:2963 þ �40:197 þ 13620

lp

� �

�7:34 þ 2418:6
lp

8<
:

9=
;

2
4

3
5
2

ð2Þ

Using Eq.2, and utilizing the SPR band peak �548 nm,
calculated average obtained particle size r�5.34 nm which is in
good agreement to that found from the Williamson Hall plot.
Optical absorption measurements are widely used to understand
the band-gap [22,23]. The optical band-gap of the AuNPs system
was also determined using the Tauc Plot Fig. 3 [b]. Tauc model is the
most widespread method which allows us to derive the band-gap
Fig. 3. The Tauc plot for determination of the energy band gap of the AuNP system is shown in [a] with inset depicting the entire absorbance response with peak shown at 548
nm. The TRPL response for the emission peak at 354 nm is shown in [b]. PL response is shown in [c] with the excitation as well as emission spectra and the peak at 354 has been
de-convulated [d].
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nergy Eg as a function of the incident energy E. The absorption
oefficient, ‘α’was determined using the well-known Beer’s law
iven by Eq.3, neglecting the reflectance term:

 ¼ ln 100
%T

� �
d

ð3Þ

In Eq.3, % T is the transmittance, which is determined using
q. 4:

 ¼ 2 � log10 %Tð Þ ð4Þ
In Eq 4, ‘A’ is the absorbance or optical density as observed from

he spectrum. The optical band- gap hence found for the AuNP is
.55 eV.

.1.2.4. Photoluminance study. The photoluminescent behavior of
u NPs can give information about the structure and influence of
he ligands on metal cores. Moreover, this is an interesting
roperty for the use of AuNPs as biomarkers. Fig. 3 [c] displays
oom temperature PL spectra of the Au NP excited at a wavelength
f 300 nm exhibiting strong emission at 354 nm and a broad
haracteristic visible peak centered at 505 nm. This excitation
avelength has been selected on the basis of the excitation spectra.

.1.2.5. Fourier-transform infra-red spectroscopy [FTIR]. The
resence of biomolecules with functional groups present in the
eed exudates having the potential for the reduction of gold ions
nto nanoparticles and their stability was analyzed using FTIR
pectra at diverse vibrational stretches in the range of 600–4000
m�1 [Fig.4].
Where the analytical peaks, stretching, vibration revealed the

resence of different functional groups, such as peak at 765 cm�1

ttributed to aliphatic chloro-compounds [C–Cl] bond, Another
and at 917 cm�1 may be attributed to ��CH¼CH2 bonds. The
ands at 1486 cm�1 C¼C stretching vibration. The IR bands
bserved at 1571 and 1742 cm�1 may be assigned to ��C��H ��
tretching and ��C=O��stretching modes, respectively. However,
he band observed at 2384 and 3502 cm�1 may be due to the
resence of ��C�C��and Hydrogen bonding respectively [37].

.2. Characterization

.2.1. Cytotoxicity of AuNP on PBMCcells
To assess the cytotoxicity of AuNPs in contrast to PBMC cells,

TT and Alamar blue assay were performed, where PBMCs cells
ere treated with various concentration of AuNPs for 24 h. In both
he assays, No significant cytotoxic effect was observed in the
BMC even at the highest concentration [100 mg/mL] as compared
o control as shown in Fig. 5[a] and [b] by MTT and Alamar Blue
espectively.

3.2.2. Membrane stability test
The results for the membrane stability assay in terms of the

percentage of hemolysis are shown in Fig. 5 [c]. It was found to be
0.046 % in case of the negative control PBS, and 100 % in case of the
positive control Triton X-100. Whereas, in case of AuNPs it was
found to be 77.56 % for 25 mg/mL, which differ significantly at p �
0.01 with the positive control; and 76.02 % and 65.88 % for 50 mg/
mL and 100 mg/mL respectively, with significant difference [p �
0.001] with the positive control. Hence it was seen that up to the
studied concentrations, the surface functionalization of AuNPs
conferred stability to the red blood cells and prevented hemolysis
to a considerable extent. Therefore, the membrane stability
retained even at high concentration of AuNPs. Triton X-100 is
generally used to lyse cells or to permeabilize the membranes of
living cells. It was observed that in the presence of AuNPs, Triton X-
100 exhibited significantly less hemolysis than the pristine
samples.

3.2.3. Cytotoxicity of AuNP on breast cancer cells
Cytotoxicity of biogenic AuNPs was tested using MTT and

Alamar blue assay against breast cancer cells MCF-7, MDA-MB-453,
MDA-MB-435S, MDA-MB-231, and MDA-MB-468, with various
concentration [25, 50 and 100 mg/mL] of AuNPs for 48 h [Fig. 6].
Thus, the cytotoxicity results revealed that the biogenic AuNPs
significantly induce toxicity with the increasing dose of nano-
particles indicating anticancer activity in dose dependent manner.

3.2.4. Cell viability assay
To determine the cytotoxic effect of AuNPs on MCF-7 cells, cell

viability assay was performed using the trypan blue dye exclusion
method. Cells were treated with various doses of [25, 50, and 100
mg/mL], and its effect on live and dead cell number was calculated
after at the end of 48 h. Using the trypan blue, we observed that the
decrease in total cell number is accompanied by an increase in
significant cell death thus corroborating the MTT results as shown
in [Fig. 7].

3.2.5. Cell-cycle analysis
To assess the effect of bio-synthesized AuNPs on cell cycle

progression, performed on MCF-7 breast cancer cell lines using
propidium iodide(PI) as a staining agent, where cells are exposed
to various concentrations of AuNPs [25, 50 and 100 mg/mL], after
48 h of treatment, cell cycle was analyzed. Present Study revealed
that cell cycle arrest was observed at G2/M phase with the
increasing dose of nanoparticles showed a marked increase in
apoptotic phase at high dose [100 mg/mL] of AuNP as compared to
control (p � 0.001) [Fig. 8].

3.2.6. Clonogenic assay
The results indicated that the clonogenic capacity of MCF-7 cells

was reduced in a dose-dependent manner as at higher concen-
trations the number of colonies, plating efficiency, and surviving
fraction was greatly reduced as compared to control cells on 14
days of continuous exposure. Data have shown that there was a
significant dose-dependent inhibition of clonogenic survival from
� [25�1.3%] [p � 0.001] for MCF-7 cells as compared to control. Bar
graph indicated that there were almost diminished the Survival
fraction [SF] and plating Efficiency [PE] at a higher dose of AuNPs
treatment [Fig. 9].
Fig. 4. FTIR spectrum of biogenically synthesized AuNPs.

6

4. Discussion

The dependency of humans on nanomaterial is not new as they
are being used in “bhasmas”, evidenced from ancient Indian
medicinal literature particularly silver, gold, etc. [24]. These
nanomaterials can be synthesized through various means broadly,



Fig. 5. a] Cytotoxic assay though MTT on PBMCs, b) Cytotoxic assay though Alamar blue on PBMC c) Membrane stability assay of AuNPs on PBMCs. Data are expressed as mean
� SE [n = 3]. ***significant p < 0.001.

Fig. 6. Cytotoxic assessment through MTT and Alamar blue assay on various breast cancer cell lines exposed to biogenic AuNPs- [a, f] MCF-7, [b, g] MDA MB435 s, [c, h] MDA
MB 231 [d, i] MDA MB 468 [e, j] MCF7. Data are expressed as mean � SE [n = 3]. * significant p < 0.05, ** significant p < 0.01, *** very significant p < 0.001.
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hemically, physically, or biologically. However, the synthesis of
anomaterial through chemical and physical means are not only
ostly but also use harmful chemicals leaving behind a trail of toxic
y-products. Therefore, time to move towards the technology
hich is not only cost-effective but also free from hazardous
hemicals and are biocompatible, such as “green nanotechnology”
hus, minimizing the potential risks induced on both humans and
nvironment during the synthesis of nanomaterial. Various
esearch across the world confirmed nanoparticles synthesis using
arious biological ranging from fungi to plants, exhibiting there
nticancer potential [25–28].
Mung bean (Vigna radiata), an important pulse being commonly

Gallic acid, etc. [29]. In this line synthesis of biogenic AuNPs using
seed exudates of Vigna radiata was investigated followed by its
therapeutic application was studied through anticancerous poten-
tial using various breast cancer cell lines.

During the process of germination its chemical constituents
undergo series of changes biochemically, the process of imbibition
causes seepage of various compounds into the exudate, these
phytochemicals found in the exudate serves to exhibit antimicro-
bial and antioxidant properties which might be responsible for the
reduction of AuCl2 to AuNPs. Common free phenolics found in
green gram seed exudate are sinapic, ferulic, and gallic acid [30].
Thus, synthesized AuNPs examined through various characteriza-

Fig. 7. Cell viability assay on MCF-7 using trypan exclusion method.

ig. 8. Flow cytometry analysis of cell cycle phase distribution in MCF-7 cells. Bar diagram showing the cell distribution in the subG1, G0/G1, S and G2/M phases for MCF-7
ells treated with vehicle control and AuNPs [25, 50 and 100 mg/mL]. Data are expressed as mean � SEM [n = 3]. c = p < 0.05, b = p < 0.01 a = p < 0.001 vs control group.
onsumed in different countries specially in asian countries as
aily protein requirement, like sprouts and found to exhibit various
iological activities such as antioxidant effects, antimicrobial
ctivity, antipyretic activities including antitumor activities, which
ay be due to the presence of various phytochemicals found in
eed and its sprouts such as Apigenin, Genistein, Vitexin, Naringin,
8

tion techniques [SEM, TEM, UV–vis spectroscopy, FTIR, XRD, etc.]
unveiling their unique feature such as shape, size, crystallinity,
functional groups present of the surface of biosynthesized
nanomaterial.

The crystalline nature of AuNPs synthesized from the seed
exudates was analyzed using the X-ray diffraction studies
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revealing the peaks at 111, 200, and 220. These findings are
supported by earlier studies on gold nanoparticles where they
reported crystalline nature and similar peaks as observed in the
present study [31].

FE-SEM image revealed smooth round surface morphology of
the synthesized nanoparticles, however, synthesized gold species
is confirmed by the EDX analysis, where AU peaks confirm the
presence of gold element in the sample whereas C peak may be due
to the usage supporting film over which sample was placed on
similar observation reported by Nagalingam et al. [32]. Further,
Transmission electron microscopy [TEM] image depicted in [Fig. 3a
and b] revealed the shape and size of the nanoparticles. Obtained
morphology for gold nanoparticles from seed exudateswas found
to be spherical to pseudo spherical shaped. Whereas the
contrasting light region around the dark region might be due to
the adsorbed organic compound leading to its reduction and its
stabilization. Inset SAED pattern of synthesized nanoparticles
confirms its crystal nature; the results are also supported by Kajani
et al., [33] has been reported that the gold nanoparticles were
reduced using Taxus baccata [33]. Further the size of the gold
nanoparticles ranged between 2–10 nm and is seen non–
agglomerated due to the capping of bio-organic compounds
present in the seed exudates however most of them fall in the
range of 4�6 nm as shown in the histogram. Altogether, the seed
exudates act as a ligand that stabilizes gold nanoparticles, in line
with another study which concluded that the role of the bio-
organic compound found in seaweeds acts as reducing and
stabilizing agents [34]. However, there are no precise mechanisms
that explain the formation of different shapes of gold nano-
particles.

Further elemental composition of the biogenically synthesized
AuNPs was analyzed through EDX, results revealed that synthe-
sized AuNPs peak was found in between the range of 2–4 along
with C and O peaks might be due to the presence of
phytoconstituents mediated reduction of gold nanoparticles. A

of the nanoparticle. As shown in Fig. 3, the SPR peak hight centered
at 548 nm confirms AuNPs synthesis. it is similar to the results
reported by Kamal et al., [36].The FTIR spectra of biogenic gold
nanoparticles are shown in Fig. 4. To identify the possible bio-
organic molecules responsible for the stabilization of gold nano-
particles. FT-IR spectroscopic analysis was conducted based on the
literature survey revealed that the seed exudates are found to be
rich in biomolecules that are responsible for the reduction of
metallic ions into nanoparticles [37]. The peak at 765 cm�1

attributed to aliphatic chloro-compounds [C��Cl] bond, Another
band at 917 cm�1 may be attributed to ��CH¼CH2 bonds. The
bands at 1486 cm�1 C¼C stretching vibration. The IR bands
observed at 1571 and 1742 cm�1 may be assigned to ��C��H��
stretching and ��C=O��stretching modes, respectively. However, A
similar pattern of observation can be seen where the band
observed at 2384 and 3502 cm�1 may be due to the presence of
��CRC�� and Hydrogen bonding respectively [38].

In the case of PBMCs, where no negative effect was observed on
normal human PBMCs even at various doses of AuNP synchronized
with another study where phytoreducedAuNP showed no toxicity
on peripheral lymphocytes whereas anticancer activity was found
when A549 cells were treated with bio-reducedAuNP [39,40].
Interestingly, nanomaterial exposed RBCs in the presence of
Triton-X-100 promotes membrane stability in contrast to those
exposed to Triton-X-100 only. This may be due to the physico-
chemical property of nanomaterial, which majorly decides their
behavior and further their interaction with the various component
of the cell in the biological milieu. the results of cytotoxicity assay
on PBMC showed that AuNPs did not produce any substantial
cytotoxicity and were found safe in the tested concentration.
Further, the therapeutic applications of biogenic AuNPs were
carried out by MTT and Alamar assay for its anticancer potentials
against various breast cancer cell lines viz. MCF-7, MDA-MB-231,
MDA-MB-435S, MDA-MB-453, MDA-MB-468. The present investi-
gation revealed their anticancer potential against the exposed

Fig. 9. Effect of Biogenic AuNPs on colonogenecity inhibition on MCF-7 cells. a] Colony formation unit b] plating efficiencyandc]surviving fraction was analyzed and
representative pictures are shown in the upper panel. Data expressed as [Mean � SEM, n = 3]. Values are significant where * signifies p < 0.05, ** signifies p < 0.01, *** signifies p
< 0.001 as compared with the control.
similar kind of observation was reported by by Balashanmugam
et al., [35].

UV–vis spectroscopy was performed which is the most
commonly used technique for their optical characterization
because the absorption band depicts the aspect ratio and diameter
of the nanoparticles providing primary information about the size
9

breast cancer line. The results presented here indicate that
biogenic AuNPs showed a typical dose-response behavior observed
in all cell lines tested, however, MCF-7 showed more effective
anticancer potential of the extract. Our study is in consistent with
the studies conducted by the various research group, showing the
anticancer property as biosynthesized gold nanoparticles using
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nacardium occidentale leaves extract against MCF-7 cells, and
sing flower extract of C. guianensis against HL60 cells [40,41].
owever the cytotoxic effect of gold nanoparticles has been
eported on various studies where they exhibit selective anticancer
ctivity against the exposed cell lines this might be due to the
ttachment of plant components on the surface of nanoparticles
39–42]. From the trypan blue exclusion method, the present study
eveals that AuNPs showed extensive inhibition of cell growth.
hus exhibiting its cytotoxic effect on MCF-7 cells and validating
he MTT results. Similar results were observed by Nindawat and
grawal [43], where biologically reduced silver nanoparticles
ause a cytotoxic effect on HeLa cells. Based on the present
nvestigation it may be concluded that the AuNPs are non-toxic to
ormal cells but it has the potential to selectively arrest the growth
f cancer cells, however it needs a further concrete study to
alidate these facts.
Therefore, biogenic AuNPs were subjected for further assess-

ent of cellular toxicity for validation by measuring the DNA
istribution in various phases of the cell cycle through Flow
ytometry analysis on MCF-7 cells. Biogenic AuNPs might suppress
NA replication and eventually arrest the cells in S and G2/M phase
f cell cycle evidenced by accumulating cell number at 48 h. A
imilar observation was reported by earlier studies on MCF-7 and S
hase arrest in MDA-MB-231. Cell cycle arrest was reported when
CF-7 cells were exposed to Euphorbia hirta extract [44–46].
The clonogenic assay is a method to determine the effectiveness

f cell reproductive death after treatment with cytotoxic agents,
nly a fraction of seeded cells retain the capacity to produce
olonies. The capacity for continued proliferation characteristic of
ells in tissues is essential for the continued integrity and function
f cancer cells that lead to cause disease aggressiveness. Thereby,
odulation of this capacity for clonogenicity is one the strategy for

umor eradication and also required for the prevention of
ecurrence of the diseases.

The results of the present clonogenic study on MCF-7 cells
evealed that as the dose-dependent clonogenic capacity was
ecreased, plating efficiency [PE = Ratio of the number of colonies/
umber of cells seeded] and surviving fraction [SF = is a function of
ose determined using] were also found to decrease with
ncreasing dosage of biogenically synthesized AuNPs, present
esult was in agreement with the study performed by Nindawat
nd Agrawal [42] where exposure of biologically reduced AgNPs
sing Arnebia hispidissima causes a dose-dependent decrease in
eLa cells colony formation and surviving fraction which might be
ue to induction of apoptosis, chromosomes damage, etc., [42].
Overall the seed exudates might act as a ligand that stabilizes

old nanoparticles. However, there are no precise mechanisms that
xplain the formation of different shapes of gold nanoparticles. As
iogenic gold nanoparticles are known biocompatible, non-toxic
ompounds, therefore, observed anticancer activity on the tested
reast cancer cell lines might be due to the release of
hytochemicals in the exudate which is being adsorbed on the
urface of AuNP referencing their anticancer and anti-proliferative
otential against the cell line. Common free phenolics found in
reen gram seed exudate are sinapic, ferulic, and gallic acid [30].
allic acid [GA] also found in mung bean known for potent
nticancer activity against various cell lines such as A549
46,47,49]. However further study is required to elucidate
olecular mechanism behind their anticancer potential also
hether the biosynthesized nanomaterial can be used for drug

reveal characteristic property confirming the biogenic synthesis of
AuNPs from Vigna radiata (moong bean) seed exudates, demon-
strating size and shape of NPs. Further, Phytoconstituents of
moong bean seed exudate not only play a vital role in stabilizing
the gold nanoparticles but, found to be cytotoxic to the studied
breast cancer cells. However, no side effect has been observed in
the normal human PBMCs. Furthermore, the cell cycle arrest of
cancer cell lines at the G2/M stage and promoting cells to undergo
apoptosis, at the highest exposed dose. Among the various
physicochemical study, present AuNPs shows unique information,
they show photoluminescent property which may be used for
bioimaging purposes.
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